Using the Gaussian effective potential approach, <p 6 soliton solutions at finite temperature are studied for both the general case and the particular case x 2 = 2 £ m 2 . A critical temperature is found at which soliton solutions cease to exist. The effective potential together with the mass-gap equation are studied in detail, and comparison with existing work on this subject is made.
Introduction
Solitons at finite temperature have been studied by several authors [1] [2] [3] [4] [5] . Su et al. studied soliton solutions for (p* [1] and (p 6 [2] fields at finite temperature using the method of coherent state and the real time green function formalism. Kuczynski and Manka also studied the soliton solution for cp 3 + cp 4 fields using the Bogoliubov inequality [4] , In this paper we report the results of our study of the (1 + 1) dimensional real cp 6 solitons at finite temperature using the Gaussian effective potential (GEP) method. The motivation for this work is that the <p 6 field is of considerable interest because it may have three vacua (two real and a false one). Our work can be considered as an extension to our previous work on <p 4 solitons [5] . Roditi [6] has discussed the cp 6 field in the context of GEP but did not in particular discuss the q> 6 solitons. Also the mass gap equation was not at all considered by Roditi. Our normalization is also different from that of [6] . As far as the work of Su et al. [2, 3] is concerned, the effective potential in their work is quite different from that studied by us as they have not considered the contribution of the kinetic part. Also, in our opinion their normalization for the effective mass is not rigorous. This will be discussed later on. Apart from its simplicity, the GEP method has several advantages. It contains the one loop and the I/AT results as limiting cases. 
Finite
and is the Hamiltonian density corresponding to the Hamiltonian (2). In general, the classical soliton solution corresponding to (2) 
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To use the Gaussian variational method we introduce the ansatz (in (v + l) dimension)
The optimum value Q of Q is given by
[
Both cp 0 and Q 2 are variational parameters. a n and a£ are annihilation and creation operators, respectively, satisfying the commutation relation
The upperbound of the ground state energy is given by the minimum of <O ß |H|O ß >, where H is the Hamiltonian density of the system and | O n ) is a normalized Gaussian wave function centered on cp = cp 0 . We write 
(Unless otherwise stated, I ß n is to be understood as I ß (Q).) The integral (10) is to be calculated taking account of finite temperature after writing it in covariant form. The integral (7) satisfies the relation
Now V G (cp, Q) can be calculated using (6), and after some straightforward calculations one obtains 
where I 0 and P 0 are the temperature independent and temperature dependent parts of I ß 0 , respectively. F 0 is always finite but / 0 is a divergent integral. To make things finite, we adopt the renormaliztion For large T, F 0 is given by [8] Then from (14) we get
In Fig. 1 we plot Q against temperature for /l R = 0.2 and £ = 0.02. As can be seen from Fig. 1 , there is a discontinuity in the plot at T = T c . For T <T C , Q is drawn using (19). But for T> T c , (19) has no solution and Q is drawn using (23).
Regularization of V G (<p 0 , ß)
To see what happens in V G ((p 0 ,Q) for T <T C to T>T C , we first regularize F G (<p 0 , Q) using the normalization given in (18). After some straightforward calculations we obtain
where we have used
(26) Fig. 1 . Plot of mass gap.
T>Tc Fig. 2 . Plot of V G (q>) for different temperatures.
x being Q 2 /m R and D the divergent constant in V G .
we see that is now free of divergent terms (note that our normalization is different from that of Su et al. [2, 3] , who have neglected the contribution of the terms given in (25) and (26)). In Fig. 2 , is plotted against (p 0 for different temperatures. It is clear that for T < T c , FQ has a minimum at (p 0 + 0 but for T ^ T c the minimum shifts to (po = 0. In Fig. 3, F^ i s plotted for the particular case ÄR = 2 £ ml (taking A R = 0.19). The structure of the two potentials is similar between T = 0 and T = 0.2, but at T = 0.2 the absolute minimum occurs at cp 0 = 0. The false vacua exist at T = 0.2 but gradually disappear as the temperature increases.
Discussion and Conclusions
In this paper we have studied soliton solutions in (p 6 field theory using the Gaussian effective potential 
where U e{( is obtained from Fj((p 0 ). This equation, in the context of classical mechanics systems, follows from the energy conservation law. The E = 0 case gives a kink solution. Again, in the ultra relativistic case U c{{ can be written as (neglecting terms independent of <p 0 ) Hence only in the ultra relativistic case our result will agree with that of Su et al. (compare (29) and (30) with (4.1) to (4.3) of [3] ). But in general P G F (<p 0 ) would be a transcendental function of <p c , and the soliton solution can only be investigated by numerical analysis.
